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Spectroscopic and Quantum-Chemical
Study of Structure of Liquid
Crystalline Cyanobiphenyls and
Arylcyanopyridines

V. T. GRACHEV, B. E. ZAITSEV, E. M. ITSKOVICH, A. I. PAVLUCHENKO,
N. L. SMIRNOVA, V. V. TITOV, and K. M. DYUMAEV

Organic Intermediates and Dyes Institute, Moscow K-/, U.S.S.R.

(Received January 22, 1980, in final form May 15, 1980)

Under study were the UV and PMR spectra as well as the electron structure of 4-alkyl, 4-
alkoxy-4'-cyanobiphenyls, 6-p-alkylphenyl-, 6-p-alkoxyphenyl-3-cyanopyridines and 5-alkyl-
2-p-cyanophenylpyridines in the ground and first excited states. To study these compounds a
quantitative method is offered for determination the rotation angle between the planes of
bicyclic molecular fragments based on the excitation theory within the frames of the Hiickel
technique and on the UV spectroscopy data.

INTRODUCTION

The present investigation is aimed at the experimental and theoretical
examination of peculiar structure features of some biphenyl and aryl-
pyridine derivatives. Such a complex approach to the study of different
classes of mesomorphic compounds with sufficient statistical material
available should provide an opportunity for predicting certain structures of
liquid crystalline compounds with useful properties.

EXPERIMENTAL

Electron absorption spectra (Table 1I) have been recorded with a spectro-
photometer Specord UV/Vis at concentrations 10™* to 10~° mole/1. The
PMR spectra have been taken with a spectrophotometer Varian-HA 100D
at 21°C in CCl, (Table TV) with GMDS used as an internal etalon.
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The quantum chemistry of ground and first excited states of the neutral
forms of compounds I-V was examined through the LCAO MO technique
in the PPP approximation, taking into account the configuration inter-
action, following the programme based upon the Dewar algorithm.’ The
computations assumed that the molecules were planar and the valence
angles were near 120°. The lengths of the bonds

C=:C, C=N, JC—C=, \c c . C=N,C—CH, and C—O

were thought to be equal to 1.39; 1.39; 1.419; 1.49; 1.158; 1.51 and 1.34 A
respectively. The ionization potentials (I,), the concentric Coulomb in-
tegrals (y,,) and the resonance ones (f,,) for the atoms (Table VI) have been
found through the theory of perturbation from the transition energy values
AE, of the absorption bands in the electron spectra of the n-systems con-
taining this atom. The technique to determine the parameters of I,,, y,, and
B,y will be described in more details in a separate paper. The Coulomb (g,)
and resonance (k,;) parameters (Table VII) were found by the technique
described in our paper® and have been used to computate the 6 angle in
compounds I-V (Table VII) through the perturbation theory within the
frames of the MOH method.

RESULTS AND DISCUSSIONS

When studying the structure of 4-alkyl-(I), 4-alkoxy-4-cyanobiphenyls (II),
6-p-alkylphenyl-(III), 6-alkoxyphenyl-3-cyanopyridines (IV) and 5-alkyl-2-p-
cyanophenylpyridines (V), it is interesting to calculate the rotation angle (6)
between the planes of a benzonitrile or a 3-cyanopyridine fragment and the
phenyl group in the compounds I-V. It can be obtained from UV spectros-
copy data.
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The technique to determine the § angle is based upon the idea that the maxi-
mum (AE)) of the long-wave band n—=* in the electron absorption spectrum
of the n-system basically depends on the transition of z-electron in the upper
occupied molecular orbital (E,,,,) onto the lower one which is free (Ey,0):

AEl = (Elfmo - Euomo) ﬂ (1)

Dewar has used the perturbation theory (PT) within the frames of the
Hiickel MO technique for his examination of the interactions between the
n-conjugate systems (I). A formation of the bond R—S between the -
systems R—S is typical for its resonance integral ff,, = K, - f between the
terminal AO y, and y, which is regarded as a perturbation. The interaction
between the n-systems R and S is comprised of the pair interactions of the
individual levels EF and Ef MO y& =3, a,, r- g and ¥ = Y B ;- X,.
Hereby the upper level of the EX and Ej goes up whilst the lower one goes
down by the same value (with ER % E):

nrbks 2
e @

If among the values of EX and E} happen to be equal ones (ER = E,) their
interactions result in the appearance of the following levels:

EnR = Er'f + an‘r'bk,s'krs'ﬂ
EE, = Ef - an,r'bk,s'krs'ﬁ (3)

In this case the splitting is of the first order in the value of k,,. It is a general
rule: the closer the levels are to each other, the stronger is their interaction.

It is necessary to find out now which of the levels EXS, will be ERS
and ERS. in the new RS system. If the EXS _and ERS. are equal to the values
of the excited EX . = EX and ER_ = ER_, of the R system, it will be the
only case to show the effect of the n-system S upon the maximum AER of the
long-wave absorption band of the R system. It is possible if

|Enl <|Enl,|Ensy] < |Enyil @

which follows from expressions (2-3). Then Eq. (1), according to (2), with
the nongenerate system R and S and EX # E} will look like

AESS = AER+2< R L ) ke'f )
m+l ~

where EX = (ER,, — ER®y. 8.
If we complete the inequalities

|En] < |En| and |Ey| > |E,] (6)
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the long-wave absorption band in the RS joint spectrum will depend on the
transition of the n-electron with the excited UOMO of the R system onto
the excited LFMO of the S system (or the transition of the charge from the R
system to the S system). In this case Eq. (1) will be the following:

bi%l+l,s’ af,r ayzn,r'bf,s

AERS — (ES., — ER). +( - )-kfs~ 7
1 ( +1 )ﬁ ZEi+1_E§ ZE,‘:—‘EE :B ()

n k

Substituting the experimental values of AEXS and AE® in Eqs. (5) and (7), we
can calculate the value of k,,. According to Refs. 1, 2, the equality k,, = cos 0
is the rotation angle in question. Equations 1-3, 5 and 7) include the reson-
ance integral B for the C===C bond in benzene. This bond can be easily
found from Eq. (1). When for benzene AE, = 488 ¢V,itis f = —2.44 ¢V,

When using Eqgs. (1, 5 and 7), it is necessary by means of the technique
described herein® to select first the values of the Coulomb and resonance
parameters in such a way that the values of AEX and AE$ found through the
MOH technique ahould coincide with the experimental ones. Equations (5)
and (7) may be used only in case of PT. In other cases the values of k,, are
to be found by the method of successive approximations. When comparing
the MO-LCAO-computed Pariser-Parr-Pople (PPP) cite reference ap-
proximated transition energies and oscillator powers with the experimental
data of the UV spectroscopy of compounds I-V, and when analyzing the
coeflicients (A4,i — j) of the configurative interaction matrices (Table I),
one can see that in the neutral forms of compounds similar to those from
I to V the long-wave absorption band by 89-907 depends on the singlet-
singlet transition of the n-electron from the UOMO onto the LFMO.

Hence, the technique offered earlier for determining the # angle between
the planes of the fragments is also applicable to compounds 1-V. Alkyl-
benzenes, alkoxybenzenes and 3-alkylpyridines have been taken here as a
R-system, benzonitrile and 3-cyanopyridine as a S-system, and compounds
of the I-V type as a RS-system. Since the UV-absorption spectra of

TABLE 1

Calculated and experimental data on the long-wave absorption band in the
electron spectra of neutral forms of compounds I-V

Calculations Experiments
Type of
compound AE; (ev) 1 %o An(i > j)  AE™ (ev) ™
I 4.24 1.130 -30 0.97(8-9) 4.30 77250
1 4.13 1.095 -30 0.97(8-9) 4.14 82600
m 3.91 0.996 -32 0.94(8-9) 4.08 51600
v 3.83 0.999 -32 0.95(8-9) 3.82 63200

Vv 4.18 0.982 -39 0.94(8-9) 4.28 20380
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alkyl benzenes and alkoxybenzenes as well as those of compounds I-V prac-
tically do not depend upon the size of the alkyl and alkoxy groups (Table IT),
we used the data on the UV spectroscopy and the ionization potentials of
toluene and phenol in our theoretical and experimental evaluations of
ER . and ER  (Table III).*

The analysis of the calculated values of UOMO and LFMO of the R and
S systems (Table III) shows that |EX | < |ES .|, and |ER__| > |E5.l.
Hence, in this case inequalities (6) are satisfied and in the electron spectra of
compounds I-V the absorption maximum E®5 depends on the charge
transition (Eq. (7)) from the UOMO of the aklylbenzene, alkoxybenzene and
3-alkylpyridine fragments on the LFMO of benzonitrile or 3-cyanopyridine
respectively. According to our calculations, the 6 angle for compounds I
and Il is equal to 84° and 75°, for compounds 111 and IV— to 66° and 53° and

TABLE III

Calculated and experimental values of UOMO, LFMO, AE, and J for compounds under study
and their fragments in e.v.

Calculations Experiments
x B x B xB A xB A
Compound LFMO UOMO J,, AE (nm) J,, AEM™ (nm)
Ph—CH,4 -1.0 0928 9.07 193 263 8.82 193 263
9.20
Ph—OH —1.0 0879 895 1.88 271 9.03 1.88 271
Ph—CN —0.821 0999 924 182 278 971 182 278

(—:>‘CN —0.901 0999 924 190 267 — 190 267
N
(_‘—>-CH3 —0.940 0950 9.1 189 266 9.04 1.8 266
N

CH3CN —-0.820 0927 9.07 175 287 — 176 288

HOCN —0.810 0867 892 1.68 300 — 168 300

CH3WCN —0.825 0.845 887 1.67 302 - 167 302
N

HOWCN -0.784 0764 868 156 325 — 156 325

N

CH3mCN -0.816 0933 9.08 175 290 — L7529
N

4
N

Z
~
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for compounds V— to 84° respectively. Thus, if we introduce an N atom
into the 3d position of benzonitrile in compounds I-II, the rotation angle
0 will decrease by 20° due to the increased electron acceptability (and, con-
sequently, m-conjugation) of a heterocycle with a phenyl ring. When a
nitrogen atom is introduced in the 3d position of alkylbenzenes in com-
pounds of the I type, the electron acceptive properties of the two fragments
(in compounds of type V) level up and the 4 value does not undergo great
changes.

It should be noted that the completed condition of | ER| < E3| guarantees
that the ionization potential I®S in the bicyclic compounds of type I-V
will be always lower than the minimal one of the two ionization potentials
IR and I’ of the n-conjugate fragments R and S (Table III), the difference
showing the value of interactions between the level EX and all the EY levels:

2
IR R _ ¥ ar%l.r'bk,_g

P kfsﬂ
- ER — ES

Let us now consider the specific electron structure of compounds similar
to the type I-V. To prove the validity of our calculations of the n-electron
density distribution (g,) in compounds [-V we can point to the fact that the
sequence in the location of the chemical shears (CS) of the ring protons
coincides with that of the g, values on the respective carbon atoms (Table
IV). And, indeed, the sequences of the increasing chemical shears for com-
pounds I-1I such as H; = Hs < H, = Hg < H}, = H, are similar to the se-
quences of the decreases g, values: g3 = g5 > g, = g6 > g5 =g OT g5 = g5 >
gy = g5 > g5 = g > 4> = q¢; In compounds III-IV the sequences of
H; = Hy < Hy < Hy < H, = Hy < H, correpond to those of g5 =
qs > qs > 45 = g¢ > q5; in compound V for the benzene cycle H, =
Hy < Hy = Hj we find as corresponding the sequence ¢, = g5 > q3 = ¢s,
while for the 3-alkylpyridine cycle the sequences Hs < H, < H, corres-
ponds to that of g5 > g, > g,. It should be noted that the g, values found
through the MO techniques in the PPP and MOH approximations are
close to one another (Table 1V). In the ground state of compounds I-11
the sum negative n-electron charge (X, Q,) is in the benzonitrile fragment,
and is equal to —0.055 (see ¢, calculated through the PPP technique in
Table 1V); in compounds HI-1V it is concentrated in the 3-cyanopyridine
fragment and is equal to —0.099 and in compounds of type VI, Qr =
—0.003 in the benzonitrile part. Thus, in compounds I-IV the benzonitrile
and 3-cyanopyridine fragments act as n-electron acceptors. It is interesting
to note that in 3-cyanopyridines this property seems to be twice as strong as
it is in benzonitriles. Compounds of type V do not reveal a benzonitrile to
be a stronger z-electron acceptor than a 3-alkylpyridine is.
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TABLE V

Calculated dipole moments in (D) for compounds of type I-V

141

Type of compound

Basic state

Ist excited state

o

Ha Oy Hyx Hy Uy a
y
@\CN 3.297 +30 2.942 0.699 5.755 +30
X
@'OA“( 0.864 —-30 —0.748 —0.432 2.492 -30
QA]k 0.860 -30 —-1.611 —0.930 2.253 -30
/ \ CN 2.943 -8 2.926 —0.401 3.248 9
N==
/ \ Alk 3.419 —62 —0.608 —3.018 3.748 —53
N=
> X
AlkO ( Q CN 4936 —-30 4.245 —2.468 14.045 -30
AlkCN 6.311 -30 5.465 —3.155 16.342 —-30
AlkO / \ CN 5.594 —49 3.321 —3.862 10.327 -39
N=
AIR‘Q—(/}CN 6.477 —~45 4.573 —4.582 12.451 -37
N—
6.668 15 —6.436 0.745 11.286 +19
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TABLE VI

lonization potentials (J,), concentric Coulomb (y,,,) and reson-
ance (f8,,,) integrals for atoms in the PPP technique

Atom(p)  L(p) T p-9g Bra
—C— 11.13 1116 C==:C ~2.39
—C= 11.13 1116 C==N —2.58
—N— 1700 1234 >c— = —2.00
—~N= 1700 1234 —C=N -35

0 4451 3425 >C---O —1.54
CH, 29.0 10.00 § ‘—CH, —5.00

—/;C Cg cos 8 f C==C
TABLE VII

Coulomb (4,) and resonance (k,,) parameters to calculate compounds of type
through MOH technique

Atom (r) h, r-s bond ks Compound I(cc(;scs 2}
—N= 020 C=C==N 1.00 ] 0.1 84
N= 09 Sc—Cc= 070 I 03 75
—C¢= —060 —C=N 1.95 1l 0.4 66
CH, 227 SC—CH, 050 v 06 5
'} 1.84 >c-0H 0.60 v 0.1 84

the electron acceptor increases considerably.

thanks to the symmetry axis along the molecule (Table V).

In the first excited state of compounds I-1I, V and III-1V the negative
values of X, Q, are concentrated in the benzonitrile and 3-cyanopyridine
fragments; they are equal to —0.342, —0.069 and —0.305 respectively.
Hence, in this case the n-electron charge transfer from the electron donor to

In the ground state the n-dipole moments (u2) of compounds I-1I are
smaller than the u2 of compounds I1I-1V, whilst in the first excited state it
is vice versa (Table V). It is interesting to note that in compounds I-II
the directions () of the vectors u° and u, do not undergo any changes
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